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(54) POROUS BODY AND METHOD FOR PRODUCING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a porous body which 
has high porosity and high strength and is suitable as a filter 
or a membrane support, and a method for producing the same 
by which the porous body can be easily obtained. 
SOLUTION: The porous body is a sintered compact mainly 
containing silicon nitride crystals and having grain boundary 
phases of the silicon nitride crystals and pores. The amount of 
the grain boundary phases at the inner part 3 is larger than 
that at the surface part 2, and the average pore diameter at the 
inner part 3 is higher than that at the surface part 2. Further, 
a gradient part where the amount of the grain boundary 
phases and pore diameter change in a gradient manner is 






provided between the surface part 2 and the inner part 3. The method of producing the porous body is 
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[0006] 

[Problems the Invention Intends to Solve] In view of the above-described technique, the 
technical theme of the present invention is to develop a new porous body without the 
problems of the above conventional methods and to develop a method to prepare thereof. 
An object of the present invention is to provide a porous body with high porosity and 
strength suitable for filter or film support, and a method that easily prepares thereof. 
[0007] 

[Means for Solving the Problems] The porous body of the present invention is 
developed based on the knowledge that the entire shrinkage can be suppressed by 
forming a coating layer with little sintering additive on the surface of a predetermined 
compact and firing thereof; and accordingly, as sintering progressed in the inner portion, 
a large pore diameter can be obtained while the pore diameter on the surface portion is 
small and any of the parts has approximately the same degree of porosity. Therefore, a 
porous body high in strength and functional capability as filter can be obtained. The 
porous body of the present invention includes silicon nitride crystal as the main 
constituent, and is composed of a sintered body including a pore and a grain boundary 
phase of the silicon nitride crystal, an amount of grain boundary phase is larger on the 
surface portion than the inner portion, and an inclined part where the amount of grain 
boundary phase and the pore diameter change in inclination is provided between the 
surface portion and the inner portion. In particular, it is preferable that the sintered 
body is in a cylindrical shape. Accordingly, the porous body of the present invention 
with high porosity and strength can be simultaneously achieved, and can be favorably 
used for filter and film support. It is particularly preferable that the average minor axis 
diameter of the grain of the silicon nitride crystal included in the porous body of the 
present invention is 0.05pxn to 1pm on the surface portion and 0.1pm to 8pm in the 
inner portion. By setting the average minor axis diameter of the surface portion to the 
above values, permeation resistance can be reduced, and thereby increasing the 
permeability of filter and the strength of the porous body. In addition, permeation 
resistance can also be further reduced while maintaining the strength of the porous body 
by setting the average minor axis diameter of the inner portion to the above values. 
[0008] Further, it is preferable that the porosity of the inner portion and the surface 
portion is 10 to 80%, and in particular, it is desirable that the porosity of the inner 
portion and the surface portion is approximately the same. The strength and 
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permeation resistance can be further increased by controlling within this range. Next, 
a method for preparing a porous body of the present invention includes forming a core 
compact with a base powder composed of a silicon nitride powder and a sintering 
additive, and forming, on the surface of the core compact, a coating layer composed of a 
silicon nitride powder and a sintering additive powder, the amount of sintering additive 
included being less than the core compact, and thereafter firing thereof. In addition, a 
method for preparing a porous body of the present invention includes forming a core 
compact with a base powder composed of a silicon nitride powder and a sintering 
additive, and forming, on the surface of the core compact, a coating layer composed of a 
silicon nitride powder, and thereafter firing thereof. Accordingly, during sintering, the 
sintering additive permeates from the core compact into the coating layer to form a 
bonding between the coating layer and the core compact. Therefore, the porosity of 
the sintered body can be more effectively increased and a porous body with high 
porosity and strength can be easily achieved. The method for forming the coating 
layer can be an appropriate method and is not limited to a particular method. However, 
it is particularly preferable that the coating layer is formed by preparing a slurry that 
includes the powders constituting the coating layer, and then letting the core compact to 
immerse in the slurry. Accordingly, a strongly adhered coating layer can be easily 
formed, and since the structure and the distribution of the amount of sintering additive, 
or the like, of the layer can be controlled freely, the structure of the porous body 
achieved can also be controlled. It is also preferable that at least a portion of the 
coating layer is removed by grinding or the like after firing. Accordingly, the diameter 
of the pores on the surface portion can be of arbitrary size. 
[0009] 

[Embodiments of Invention] Next, the present invention will be described in further 
details based on the drawings. Fig. 1 is a drawing representing an example of a porous 
body of the present invention, and Fig. 1(b) is a cross-sectional drawing of a porous 
body with a cylindrical shape. The porous body 1 of the present invention is made 
from a sintered body composed of pores and grain boundary phases including silicon 
nitride crystal, as main crystal, and sintering additive. It is important that the amount 
of grain boundary phases in the inner portion 3 is more than on the surface portion 2, 
and the average pore diameter is larger in the inner portion 3 than on the surface portion 
2. Therefore, since the pore diameter in the inner portion 3 is large and the grain 
boundary phases numerous, the silicon nitride crystals are strongly bonded together. 
Moreover, the growth of cylindrical shape silicon nitride crystal grains is accelerated 
during sintering, and the strength is increased due to the entanglement, and the strength 
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of the obtained porous body during normal temperature and high temperature can be 
increased. In the process for preparing the porous body of the present invention, the 
mechanical strength is increased due to large neck growth between the silicon nitride 
crystal grains. Moreover, since the amount of grain boundary phases on the surface 
portion 2 including the surface and the periphery of the surface is the least, and the pore 
diameter is the smallest, the grain growth of the silicon nitride crystal grains is 
suppressed . As a result, small pore diameter can be achieved and the separation and 
elimination of the grains becomes possible. 



[0018] 

[Embodiment] Next, the present invention will be more specifically described based on 
an embodiment. However, the present invention is not limited by this embodiment. 
Embodiment 

First, compositions illustrated in Table 1 was prepared by mixing a silicon nitride 
powder, serving as a base powder, having an average diameter of 0.8jun, 99% of a-type 
silicon nitride ratio, and 0.8 weight% of impurity oxygen, with a rare-earth oxide 
powder having a 99.5% purity and an average diameter of l.Sjim, and an oxidized 
aluminum powder having a 99.9% purity and an average diameter of 0.6|im, serving as 
a sintering additive. Such material mixture and isopropyl alcohol were mixed in a ball 
mill for 30 hours, and after removing the solvent by drying, a powder for a core 
compact was obtained by mesh sieving. As desired, silicon powder having 99.9% 
purity was added to replaced a part of the silicon nitride powder. Further, in order to 
form a coating layer, a slurry was prepared through a granulation process by mixing the 
a silicon nitride powder same as that described above and a sintering additive, as desired, 
in the same ball mill, and thereafter dried and granulated to obtain a powder for the 
coating layer. 

[0019] Press molding method (P) or extrusion molding method (O) was employed for 
molding. Firstly, the powder for core compact was molded into a prismatic shape with 
height 40mm, width 20mm and thickness 5mm by press molding method. In the 
extrusion molding, ethyl cellulose serving as a binder was mixed with the base powder, 
and after mixing and melting while vacuuming, molded into a cylindrical shape with 
diameter 10mm and height 20mm, and degreased in a slightly oxidized ambient. 
Further, Cold Isostatic Press (CIP) method and dipping method (D) were used to form 
the coating layer. In CIP method, the core compact prepared by a press method was 
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encompassed with the powder for coating layer in a large mold (length 60mm, width 
40mm, thickness 55mm), and integrated by CIP to obtain a sample for sintering. In 
dipping method, the core compact was immersed in slurry and the surface was coated 
with the coating layer, and a compact is obtained by drying. Thereafter, molding 
density was adjusted by CIP to obtain a sample for sintering. 

[0020] A coating layer composed of multiple layers was further prepared by dipping 
method (DD). The silicon nitride powder that changes the added quantity* of an 
auxiliary dispersed within IPA was coated on the compact by dipping method. Silicon 
nitride including erbium oxide of 2.5 weight 0 /©, 1.25 weight%, 0.5 weight% and 0 
weight% were coated on the first, second, third and fourth layers respectively such that 
each thickness became 150jim. After drying such compact, integration was performed 
by CIP to obtain a sample for sintering. 

[0021] Next, these samples for sintering were placed on a carbon setter and fired using.a 
carbon heater furnace in nitrogen ambient and under the conditions illustrated in Table 1. 
A supersonic cleaning was then performed on the obtained sintered body to remove 
non-sintered portions on the surface and obtained measurement samples. For sample 
in which silicon powder was added, firing was performed by directly increasing the 
temperature after performing nitrogen treatment for 1 hour at 1400°C. For fired 
sample on which no coating layer was provided, firing was performed by burying the 
compact within the powder for coating layer so as to achieve an identical ambient 
condition. For the thickness of the coating layer, the compact was broken and the 
thickness was measured across the cross-section with 10 points to calculate the average 
value. For porosity, the porous body was first measured using Archimedes method, 
and then the inner portion was measured by Archimedes method after removing the 
surface portion and the inclination portion. For pore diameter, the porous body was 
measured using mercury penetration method, and then only the inner portion was 
measured using mercury penetration method after removing the surface portion and the 
inclination portion. The strength was measured by 3-point bending according to JIS- 
R1601 at room temperature and 1400°C. For minor axis diameter of the grain on the 
surface portion and in the inner portion, the sample was broken and 100 grains were 
measured based on a photo of the cross-section taken by a scanning type electronic 
microscope (SEM) to calculate the average value. In addition, the amount of grain 
boundary phase was replaced by the included amount of rare-earth oxide. 
Fluorescence X-ray analysis was performed on the included amount of rare-earth oxide. 
The results were illustrated in Table 2. 
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